CALIFORNIA FLOOD RISKS
IN A CHANGING CLIMATE
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Warming already has driven
hydroclimatic trends. | TRENDS (1950-97) in

April 1 snow-water content at
western snow courses
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However, NOT many trends in annual-flood series that
meet even minimal tests of significance, 1947-2000.

TRENDS IN ANNUAL-FLOOD FLOWS

-1.0-0.8-0.6-04-0.2 0.0 0.2 0.4 0.6 0.8 1.0
CORRELATION WITH YEAR

So, should we be expecting increased flood risks, or not?



Rain or snow? Or just no show?

!

Wet snows and soils? Or dry soils?

Larger storms? Or weaker storm tracks?



Did Annual Floods occur on Wet Days or Dry Days?
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If we assume a standard moist adiabatic lapse rate
during all historical storms at Yosemite since 1916...

Precipitation at Yosemite Park HQ

We can estimate the
snowline for historical
storms since 1916.

Precipitation

o
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Day of Calendar 1955

Mean Temperatures at Yosemite HQ

Temperature X -6.5C/km lapse rates

(Il = freezing altitudes by storm
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Day of Calendar 1955

Altitudes in Happy Islgs'zbbasin, Merced Rive
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How much of the Merced R basin received rain (rather than
snow) during 90 yr of historical storms?

Upper Merced River, Yosemite National Park, 1916-2001
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Altitudes in Happy Isles subbasin, Merced River
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Altitudes in North Fork subbasin, American River
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Using1950-99 meteorologic OBSERVATIONS nationwide:

How widespread is this vulnerability? _
Estimating influence of a uniform +3°C warming on

frequency of rain-fed flood contributions

CHANGE IN NUMBERS OF WET DAYS (p>1 INCH) ABOVE FREEZING
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--> Sjerra and Cascades are
likely rainfed flooding hotspots!
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Wet or dry snows and soils?

!

Larger storms?

MORE OR LESS FLOODING?



Simulated January-Total Snowmelts

In a detailled mode] of Merced River at Happy Isles, ACPI 22/44 Simulations
Merced R in Yosemite,
beneath remaining
snowpacks, warming
brings a general winter
"drizzle" that keeps
snows & soils wetter. AR
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. . CHANGE IN DECEMBER-JANUARY AVERAGED
With all this

additional winter
melting going on,
the solls are more,
and more
frequently, wet
during the flood
Seasons...across
the Sierra and
central and
northern West.
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Rain rather than snow! --> Larger contributing areas

!
!

Larger or smaller storms?

MORE OR LESS FLOODING?



THE storms to worry about...
Atmospheric Rivers!

 All 7 major floods of Russian River
32 since 1997 have been atmospheric
17 Feb 04 daily SR rivers
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Rainfall Intensity in such storms is predicted by
supply of water --> winds and vapor
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How often are historical extreme-precip conditions
realized per winter as the climate-change projection
progresses?

Numbers of DJF Days in Extreme-Precip Quadrant
(GFDL CM2.1 GCM under A2 Emissions, 2002-2100)
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Rain rather than snow! --> Larger contributing areas
(rain on snow?)

|

Wet snows and soils! --> Flood-friendly antecedents

!

(larger storms?)

MORE FLOOD RISK!

CEC'’s California Climate Change Center



* Monitoring/predicting snowlines storm-by-storm
« Monitoring/predicting soil moisture storm-by-storm

e Monitoring/predicting storms storm-by-storm

CEC'’s California Climate Change Center






Does rain-on-snow change the story substantially?

Making ALL precipitation = rain in PRMS simulation models of Merced
River & North Fork American

SIMULATED MERCED RIVER (Happy Isles) FLOOD STATISTICS

PRECIPITATION
INCREASED BY 200%

RAIN EVERYWHERE,

NO SNOW
SIMULATED AMERICAN RIVER (North Fork) FLOOD STATISTICS
100,000

50,000 PRECIPITATION
INCREASED BY 115%

RAIN EVERYWHERE,
NO SNOW

HISTORICAL
CONDITIONS
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(Model described by Dettinger et al, 2004, Climatic Change)
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